Abstract. This paper presents a robust controller for GTO based static compensators (STATCOM), which guarantees fast and stable voltage regulation under all operating conditions. The design of control system is based upon the Sliding Mode technique. The system is simulated in order to validate the controller performances. The stability of proposed composite controller is proved by Lyaponuv theory. The effectiveness and validity of the controller system is supported by computer simulation. Simulation results obtained, confirm that the controller is robust and stable against all of the parameters variations and uncertainties.
Introduction
Flexible AC transmission Systems (FACTS) devices are a very innovative and interesting application of power electronics to the control of power networks. Current advances in power electronics devices now allow the use of new generation of FACTS devices based on the selfcommutated voltage-sourced converter (VSC) using Gate-Turn-off thyristor technology. It includes the Static Compensator (STATCOM), Series Power Flow Controller (SPFC), VSC-based Static Phase Shifter (SPS) and Unified Power Flow Controller (UPFC) [1] [2] [3] . STATCOM has been employed to an increasing extent in modem power systems due to its capability to work as var generation and absorption systems. Besides the main task of voltage control, STATCOM may also be applied to improve the transmission capability and stability. In order to gain as much as possible the benefits from these devices for local voltage support and stability enhancement of the global systems, various control methods have been studied for these power components. Conventional controllers for instance are usually designed to have fast response and adequate stability margin at the weakest network condition. For example, the PID controller is simple and is by far, the most widely used control scheme in the process industry. However, the controller gains are determined under a particular operating condition and may become completely unsatisfactory for another [4] . The nonlinear nature of STATCOM and The dynamics of an electric power system that are subject to changes due to lightning, storms, equipment failures, and so on, make it difficult to design a controller that guarantees fast and stable voltage regulation under all operating conditions. The challenge is to find a design method which is global and is independent of the operating point. Nonlinear control is one answer to this search. Reference [5] proposes a control scheme based on inputoutput linearization technique to improve transient performances of the compensators. Reference [6] proposes a control scheme based on input-output linearization technique to improve transient performance of the compensator. In [7] another linearization technique is used, but the proposed condoler is not robust against the STATCOM and power system uncertainties. It is thus imperative that we design a controller that can provide satisfactory performance under a wide range of operating conditions. It is well known that the sliding mode control technique provides superior robustness performance in terms of system model variations compared to the linear controllers. The objective of this work is to examine a robust controller for STATCOM based on Sliding Mode Method which is robust against all parameter uncertainties. In this paper a new modeling is introduced and used to control STATCOM using Sliding-Mode method.
System Modeling and Control
Studied system (Figure 1) consists of a utility power system and a self commutated inverter that is capable of compensating reactive power. This inverter essentially comprises six self commutated thyristors, such as GTO with antiparallel diode. The control signal is the pulse width modulation (PWM) switching sequence. 
where ω is the angular velocity of ac voltage and current vectors. Equations (1) and (2) can be transferred to synchronously rotating d-q reference frame as follows:
Equations (3) and (4) can be written as:
where:
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Equation (6) can be rewritten as:
Substituting equation (7) into equation (5) yiel ds:
Equation (9) can be rewritten as:
S t V aV b = + where: In this system, S V is the control input, where t V is assumed to be the system output, hence we should design the control input so that the system output can track the desired trajectory, * t V , accurately. * t V is the STATCOM terminal voltage command in synchronously rotating d-q reference frame and can be defined as:
It is clear that there are uncertainties and variations in the power system parameters ( , , ,
R L R L and E ). So it is important to design a controller that is robust against all of the parameter uncertainties. Using Sliding Mode technique, a robust controller is designed for this system which guarantees fast and stable voltage regulation under all operating conditions and parameters variations. To design the robust controller, equation (14) is written as follows: 
Sliding Mode Controller
Assuming the following SM switching surfaces:
s t e t S t e t V V s t e t with respect to time (t) and using equitation (17), yields:
Based on Lyapanouv theory, using (21), the SM controllers can be obtained as:
and k is positive constants, and ) sgn(⋅ is sign function. Define a Lyapunov function as:
Derivativing (25) with respect to the time (t), linking (21), (22) and (23), it is resulted that: 
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Since (0) L is bounded and also ( ) L t is nonincreasing and bounded, therefore:
In addition, ( ) P t is bounded. Therefore from Barbalat's lemma, we have: 
Simulation Results
The system is simulated in order to validate the controller performances. The effectiveness and validity of the controller system is supported by computer simulation.
The overall block diagram of the proposed control system is shown in Figure 3 . A PSIM computer program was developed to model this system on P.C. In the system shown in Figure 3 
